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SUMMARY 



Pressure-distribution tests of an NACA 6S ,2-216 t 
a b 1.0, airfoil, equipped with a b lunt-nose-balance aileron 
and a sealed internal-balance aileron, and of an NACA 23012 
airfoil, equipped with a Frise aileron and a blunt-nose- 
balance aileron, were made in the two-dimensional test 
section of the LMAL stability tunnel. The tests were made 
at various airspeeds corresponding to Mach numbers of ap- 
proximately 0.20 to 0.47. The pressures were measured on 
the upper and lower surface at the midspans of the main 
airfoil and the aileron for several different aileron de- 
flections at several angles of attack. 

The data are presented in the form of pressure- 
distribution diagrams for the airfoil-aileron combinations 
and for the aileron alone and as curves of section coeffi- 
cients which were obtained by integration of the pressure- 
distribution diagrams of the airfoil-aileron combinations. 



INTRODUCTION 



The forms of aileron balances in current use have 
given performance that was satisfactory according to pre- 
vious airplane requirements. With the development of 
current combat airplanes, however, large increases in the 
speed and the wing area of these airplanes, together with 
the demand for high rolling velocities, have made it 
necessary to balance almost completely the hinge moments 
of ailerons in order that the ailerons can be deflected 
under all conditions of flight. This close balance, 
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together with compressibility effects, has caused over- 
balance of ailerons at high speeds on some existing ailer- 
on installations. It has "been considered desirable, 
therefore, to reinspect certain of the currently used or 
recently proposed balance arrangements from these consid- 
erat ions . 

The FACA is thus undertaking a study of some of the 
more promising aileron forms at higher speeds than those 
employed in previous developments. References 1 to 4 
have reported the effect of speed on section hinge-moment 
coefficients and section lift coefficients of 0.20~chord 
ailerons equipped pith blunt-nose and sealed internal 
balances on the UACA 66,2-216, a = 1.0, airfoil and with 
blunt-nose and ?rise balances on the NACA 23012 airfoil. 
The present report, which is intended to supplement the 
information previously given, presents data primarily to 
shov; the effect of speed on the pressure distribution over 
the same wing and aileron combinations as presented in 
references 1 to 4 . 

Pressure-distribution diagrams have been given at 
liach numbers of approximately 0.20 and 0.4? for the con- 
figuration of each aileron that is believed to be the 
most practical. Pressure-distribution diagrams for the 
aileron have been given to shov; the change in pressure 
distribution with changes of aileron configuration at a 
Mach number of 0.36- Curves of the section coefficients, 
which were obtained by integration of the pressure- 
distribution diagrams of the airfoil-aileron combinations, 
are given for the airf o ii- a ii er on combinations and for 
the aileron alone. 



The coefficients and symbols used in this report are 
defined as follows: 



SYMBOLS 




airfoil section normal-force 




airfoil section p it ching- moment coefficient about 



aileron sect 



aileron section normal force coefficient 



the auart er- chord point of the airfoil 



ion chord-force coefficient 
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aileron section hixqgmiB&ttmfi coefficient I ~-%&) 

? pressure coefficient; local static pressure minus 

static pressure cf the free stream divided by 

dynamic pressure (Ordinate of pressure distri- 
ct ion diagram) 

P c critical pressure coefficient, that is, the pressure 
coefficient corresponding to the local velocity 
of sound 

where 

n section normal force 

m c/4 section pitching moment about the quarter-chord point 
of airfoil 

n a aileron section normal force 



x a 



aileron section chord force (not inducing profile 
drag) 



h a aileron section hinge moment 

( i *\ 

q dynamic pressure I -PV J 

\g / 

V air velocity 

P mass density of air 

and 

a 0 angle of attack of airfoil for infinite aspect ratio 
5 a aileron angle with respect to airfoil 
M 1/lach number 



APPARATUS AMD MODEL 



Tests were made in the t-vc-dimensional test section 
of the stabilitv tunnel. Air velocities up to 400 miles 
per hour can he obtained in this test section, ^hich is 
6 feet high and 2.5 feet ride. figure 1 is a photograph 
of the test section with a model in place. 



4 



The models investigated had SAGA 65,2-216, a = 1.0* 
and NAG A 23012 airfoil sections of 2-foot chord. Table I 
gives the airfoil ordinates. The main portion of the air- 
foil models was made of laminated m&Jiogany. The ailerons 
(fig. 2), of C.20 chord and of true contour, were made of 
steel. The nose nieces were made of wood on all out the 
internal- "balance aileron, on which a steel nose piece was 
■used- The cover plates of the internal-balance aileron 
were icade of l/8-inch sheet steel that was rolled to the 
airfoil contour. The vent gap was varied by using cover 
plates of different lengths. The seals used on the 
"internal-balance and blunt-nose ailerons were made of im- 
pregnated cotton fabric and extended completely across 
the airfoil span. In order to prevent leakage at the 
ends of the internal-balance aileron, the clearance be- 
tween the ends of the balance and the walls was kept at 
a minimum and sealed with grease. 

The aileron was su op or ted at the ends by ball bear- 
ings housed in steel end plates attached to the airfoil. 
The airfoil completely spanned the tunnel and was fixed 
into circular end disks which were flush with the tunnel 
walls with about l/b-inch clearance between the aileron 
and these end disks. 

The angle of attack was changed by rotating the end 
disks. Aileron angles were varied and set from outside 
the tunnel. Pressure orifices were located on the center 
lines of the airfoils and ailerons except when a small 
amount of stagger was necessary where the orifices were 
closely spaced, as at the leading edge of the airfoil and 
aileron. The pressure distribution was recorded by photo- 
graphing a multiple-tube manometer. 

TESTS 



The pressure-distribution tests reported herein were 
made simultaneously with hinge-moment and lift tests for 
all the model configurations reported in references 1 to 
4; however, only those records believed to be the most 
useful are presented. 

Becords were taken at airspeeds corresponding to 
Mach numbers of approximately 0.20, 0.36, and 0.47; the 
lowest Mach number corresponds to a Reynolds number of 
2,800,000 and the highest to a Eeynoids number of about 
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6,700,000. Figure 3 is a plot of Reynolds number based 
on standard atmospheric conditions against test Mach num- 
ber. Tests were made at indicated angles of attack of 
-5°, 0°, 5°, and 1C°. With the int ernal- balance aileron, 
however, pressure-distribution records were taken only at 
angles of attack of 0° and 10° • For each angle of attack, 
records were taken at the indicated aileron deflections 
of 0°, ±5°, ±10°, and ±16°. The highest value of Mach 
number could not be attained at large angles of attack 
with large aileron deflections because of limited tun- 
nel power* 



PRECISION 



Angles of attack were set to within ±0 . 1° and aileron 
angles, to within ±0.3°. The indicated aileron angles, 
which are given in the pressure-distribution diagrams, dif- 
fer slightly from the actual aileron angles because of a 
small torsional deflection between the aileron and aileron- 
angle indicator; the aileron angles given in the plots of 
aerodynamic coefficients, however, have been corrected for 
the torsional deflection. 



Corrections for tunnel-wall effects were applied to 
the section normal force, the section pi tching-moment 
coefficients, and the angle of attack. The corrections 
applied are: 

c n » [1 ~ T (X f 30)3 c n * 



cm c / 4 - (1 - 2pT) c mc / 4 ' + J c n f 
O 0 - (1 * Y) a 0 ' 

where 

T.= HZ. f £ ] 
48 \h/' . 



P 5= 0.304 (theoretical factor for IT AC A 66,2-216, a » 1.0 
airfoil) 

3 a 0.237 (theoretical factor for Iff AC A 23012 airfoil) 



h height of tunnel 



c * measured normal-force coefficient 
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Ct 0 1 uncorrected or geometric angle of attack 
c nic / 4 ! measured p it ching-moment coefficient 
The values used are: 

For the I\ T ACA 66,2-216 airfoil 

c n = 0 . 963 c n 1 

C V4 = 0,986 C *c/4' + 0, ° 06 °*' 
?or the 1TACA 23012 airfoil 

c n - 0.966 c n 1 

c M / - 0.989 Cr r / ' + 0.006 eV' 
m c/4 m c/4 

7 o r "both airfoils 

a 0 =3 1.023 a 0 J 

Although the effect of compressibility on these correc- 
tions has been neglected, this neglect is not "believed to 
invalidate the conclusions given. 

No corrections \?ere applied to the section hinge- 
moment coefficients, aileron section chord-force coeffi- 
cients, aileron section normal-force coefficients, or the 
pressure-distribution diagrams . 

RESULTS A1TD DISCUSSION 
Section Pressure Distribution 



Pressure-distribution diagrams of the UACA 66,2-216, 
a = 1.0, airfoil, equipped with a blunt- no s e- ha lan c e 
aileron and a sealed int ernal- balance aileron and of the 
NACA 23012 airfoil, equipped with a Frise aileron and a 
blunt-nose-balance aileron are given in figures 4 to 7, 
respectively. The pressure coefficients in these diagrams 
have been plotted perpendicular to the chore line of the 
airfoil for all aileron deflections. These diagrams, 
which are presented primarily to show the effect of increas- 
ing the airspeed on the pressure distribution, show that 
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the negative pressure coefficients increased with increase 
of speed, except where the pressure coefficients were 
greater than the critical pressure coefficient or v/here 
separation took place. The theoretical variation of the 
critical pressure coefficient with Mach number, obtained 
from equation 6(a) of reference 5, is given in figure 8. 
Values of critical pressure coefficient have teen indicated 
on the pressure-distribution diagrams for only the condition 
where the local speed of sound has "been reached or exceeded. 

The int erna 1- balance aileron (fig. 5) *vas the only- 
aileron tested that had peak pressures on the aileron that 
were always lower than those on the wing portion of the 
airfoil at all altitudes and aileron deflections. This con- 
dition is important because, at Iot angles of attack, peak 
pressures on the aileron may determine the critical speed 
of the airfoil-aileron combination. 

On the blunt-no^e-balance ailerons, the peak pressure 
over the balance nose generally did not increase with in- 
crease in airspeed and in some cases decreased considerably 
(figs. 4 and 7). This phenomenon can be attributed to 
separation brought about by the projecting corners of the 
balance.. Because the characteristic shape of the pressure- 
distribution diagram over the aileron changed from approx- 
imately triangular to rectangular when separation or stall 
occurred, the hinge-moment coefficients were greatly in- 
creased. 

The peak pressures at the nose of the Frise aileron 
(fig. 6) were very high in the unstalled range of negative 
aileron deflections and were usually higher than the peak 
pressures on any of the other ailerons tested. The flow 
through the sior between the aileron and the wing caused 
wide variations of pressure ovur the upper surface of the 
aileron forward of the hinge. No large peak pressures 
were noted on the aileron at positive deflections. 

In order to show the effect of changes in balance, 
nose radii, and gap width on the pressure distribution of 
the various airfoil-aileron combinations, figures 9 to 11 
have been presented, which give only the pressure distri- 
bution of the aileron portion of the airfoil for a Kach 
number of 0.66. 

At aileron angles other than neutral, the pressure 
distribution of the blunt-nose- balance ailerons was con- 
siderably changed because of changes of the balance-nose 
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radii. (See fig. 9(a).) The "balance nose of the ailerons 
projecting into the air stream caused separation -at small 
aileron angles. The unstalled range of the aileron was 
increased considerably by increasing the nose radii from 
0 to 0.02c. Figure 9(b) shows that sealing the gap de- 
creases the peak pressure at the nose of, the aileron and 
also eliminates the irregularities in the pressure caused 
by flow through the gap. 

Pressure-distribution diagrams of the sealed- internal- 
balance aileron on the 66,2-216, a ~ 1.0, airfoil with 
three vent gaps are given in figure 10. Because there is 
no flow across the balance of this aileron, the location 
of the ends of the cover plates, which is defined by the 
vent gap, determines the pressure available for balance. 
Increases in the vent gap generally reduced the pressure 
difference across the balance. 

The effect of variations of the nose radius of the 
Frise aileron is shown in figure 11(a). At negative ai- 
leron deflections the smallest nose radius, 0.0012c, caused 
the flow to separate at a small deflection. At S a = -10 , 
the 0.0080c radius delayed the stall but more than doubled 
the peak pressure; further increase of the radius to 
0.0150c decreased the peak pressure. Variations of the 
radii had considerably less effect at zero or positive 
aileron deflections than at negative deflections. 

Variations in the pressure distribution caused by in- 
creasing the vent gap from 0.0055c to 0.0100c with the 
0.0080c nose radius and by rounding the lower surface to 
a radius of 0.02c at the entrance of the slot, are shown 
in figure 11(b). (For convenience, this radius of the 
rounded wing block will be designated 1 ower- surf ac e radius 
on the figures.) At negative aileron angles, as the flow 
is increased through the slot by increasing the vent gap 
and rounding the wing block at the slot entrance, the peak 
pressure is decreased. 

Luring the tests, the aileron deflection for a given 
angle of attack at which the peak pressures reached a max- 
imum over the nose of the Prise aileron was determined 
and is given in table II. The highest peak pressure coef- 
ficients were obtained at low Mach numbers and the sileron 
angle at which the pressure coefficient ^as maximum de- 
creased with increase of speed. 
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Section Loads and Moments 

The section coefficients for the various airfoil- 
aileron combinations, which are given in figures 12 to 
15, were obtained from an integration of the pressure- 
distribution diagrams given in figures 4 to 7. The 
chord-force coefficient of the aileron has "been used in 
calculating the pit ching— moment coefficient of the air- 
foil, although none of the diagrams in which the pres- 
s\ires were plotted parallel to the aileron chord have 
been presented. Because the chord— force was evaluated 
by integrating the pressure-distribution diagrams, the 
magnitude of these forces will be in error by an amount 
eq.ua! to the sk:.n-f rict ion forces, which have not been 
included. 

Each aileron apparently stalled at some deflection 
that depended on the geometry of the aileron, on the 
angle of attack, and on the speed; and the curves of 
load and moment coefficients changed appreciably at the 
stallo In every case the unstalled range was decreased 
with increase of speed. The slope of the curves of load 
and moment coefficients in the unstalled range was gen- 
erally increased with increase of speed. 

CONCLUSIONS 



The results of the present investigation of pressure 1 
distributions over the HA. OA 66,2-216, a m 1,0, and HAOA 
23012 airfoils with various balances on 0.20 chord ailer- 
ons indicate the following general conclusions-: 

1. Increasing the airspeed from a Mach number of 
approximately 0.20 to 0.47 caused large changes in the 
pressure distribution over the airfoil and aileron. The 
negative pressure coefficients increased with increase 
of spend, except when the pressure coefficient was 
greater than the critical pressure coeff xciont or when 
separation occurred. The unstalled range of the ailerons 
tested decreased with increase of speed. 

2. The unstalled range of the blunt— nose and Frise 
ailerons was appreciably increased by increasing the 
radius of the nose of the balance. The highest peak 
pressures at the nose of the balance were obtained with 
the Frise aileron. 
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3 « Sealing the gag of the TDlunt-noso- "balance ailer- 
ons decreased the peak pressure at the nose of the 
aileron and eliminated the irregularities in the pressure 
caused by flov; through the gap. 

4. The int or nal-halanco aileron was the only aileron 
tested that had lower peak pressures on the aileron than 
on the airfoil at all attitudes and deflections. This 
condition is important because at low angles of attack 
peak pressures on the aileron may dotormin© the crit- 
ical speed ox the airfoil—aileron cOBjfbinat ioa f 

Langley Mam or ial Aer onaut ical Lah orat ory , 

National Advisory Committee for Aeronautics, 
Langley Field, Va . 
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TABLE' I.- OBEIITATES OJ AIZFOILS ■ 
[Stations and ordinates in percent of airfoil chord] 



IIA.CA 66,2-216, 


a as 1.0, airfoil 


1IAC 


A 23012 airfoil 


Upper surface 


Lover surface 




Ordinates 
Upper Lower 
surface surface 


Station Ordinate 


S t at ion Ordin at e 


Station 



0 


0 


0 


0 


.401 


1.230 


• 599 


-l .130 


• b40 


1.434 


.S60 


-1 . y\\ 


1.12s 


I.858 


1.372 


-1 . 6w 


2.362 

4.846 


2.56O 


2.633 


-2*188 


3.60U 


_ _ . 


-2.972 


7.340 


4.H28 


7.66C 


-3-580 


S.S33 


5.lU0 


10.162 


-4.106 


14.845 


6.276 


15.155 


-^-.930 


19.860 


7.156 


20.140 


-5 . 564 


24.S79 


7.844 


25.121 


-6 . 054 


29.9OO 


8.366 


30.100 


-6.422 


34.924 


8.736 


35.076 


-O.676 


39.549 


8.9SO 


40.051 


-6*838 


44.P74 


9.092 
9.060 


45.026 


-6.902 


50.000 


50.000 


-6.354 


55.025 


s.875 


54.975 


-6.6S5 


60.048 


8.496 


59.9^2 


-6.354 


65.O67 


7. 862 


64.933 


-5. 802 


70. 081 


6.941 


69.919 


-4.997 


75. O87 


5.860 
4.644 


74.313 


-4.070 


80.085 


79.915 


-3- 052 


85.075 


3.395 


34.925 


-2.049 


90.055 


2.103 


89.9 k 5 


-I.O69 


95-028 


•513 


94.972 


-.231 


100.000 


0 


100.000 


0 



0 




0 


1.25 


2.67 


-1.23 


2.S 


^.61 


-1 71 


5.0 




■ — 9 L^VJ 


7.5 


5.30 


-2. 6l 


10 


6.4^ 


-2. 92 


15 


7.19 


-3.5C 


20 


7.50 


-3-97 


25 


7.60 


-4.28 




7-55 


-4.46 


s 


7-14 


-4. US 


50 


6.41 


-4.17 


60 


5.47 


-3.67 


70 


4.36 


-3.00 


30 


^.08 


-2.16 


90 


1.68 


-1.23 


95 


.92 


-.70 


100 


.13 


-13 



LJ8. radius: 1.J8 
Slope cr radius through end 
of chord: O.3C5 



I.E. radius: 1-575 
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table ii 


.-- MAXIMUM PEAK PES S SUES C OSPS IC IEHTS AT 


iross 




OS 


FEISS A I LEE ON 






ose radius - 


0«008c; vcr.t gap = 0.0055c] 




KAJ Q 

Cdeg) 


0 p 

(deg) 


Maximum peak 
Xji* e s s ur e coefficient 


K 


-5.1 


-14.0 


—3 . o 0 


.127 


0 


-15.3 


-4.5 


.196 


0 


-ICS 


-3 . 1 


.472 


5.1 


-15.3 


-4 . 9 


.196 


5.1 


-12.0 


-3.4 


.454 


10.2 


-17,0 


-5.4 


.196 


10.2 


-11.3 


-3.7 


.444 



NACA 




Fig. Z 



Co) Blunt-nose-bolance aileron on the 




Figure 2. — Sketch of oi/erons . A/1 ot/erons are of true 
contour. c = 24. 00 inches. 
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NACA 



Fig. 4a 



0.0055c gap- 




0 ZO 40 60 80 /OO 
Station, percent cnord 

Mach number, A1 

0.197 

.456 




(oj oCo= -5j: 



0 20 40 60 80 /OO 
Station, percent chord 

Figure 4. —Pressure distribution 'of the NACA66,2-Z/6airfoi/ tuith a 0.20c aileron having 
a b/unt-nose ba/ance of 0.35c a ana 0.02c ba/ance-nose radii. 





Figure 4. — Continued. 




Figure 4. — Concluded. 





0 20 .40 60 80 too , x ^ 
Station, percent chord fa) ol 0 -o . 

Figure 5. —Pressure c/istributior? of the MCA 66,2-2/6 airfoil ouith a 0.20 c ai/eron 
hairing an interna/ hafance of 0. 60 c a . 




Figure 5.— Conc/uded. 



Fig. 6a 




6. — Pressure distribution of the NACA 230/2 oirfoi/ with o 0.20 c 

oi/eron having a Frise type ba/ance of 0*35 c a and a 0.008c nose rodit/s . 



NACA Fig. 6b 
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Figure 6. — Continued. 



NACA Fig. 6c 




Figure 6. — Continued . 




Figure 6. — Conc/uded 





(aj dj . Station, percent chord 

Rgc/re 7. - Pressure distribution of the /VACA 230/2 a/rfoJ/ cucth q O.ZOc aiferon 
baring q b/vnt-nose £>o/once ofQ.35c Q and 0.02c bo /once- nose rodii . 
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Upper surface 




Mach number, M 

0. 196 

.473 



Z 
> 

V 



/ - 




1 1 
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0 ZO 4C 60 80 100 

Station, percent chord ^ ^-^o 

Figure 7. — Cohtinc/ed. 
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NACA Fig. 7c 
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Station , perc ent chord ^ ^ 

Figure 7. — Continued* 




Figure 7. — Concluded. 
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0 .1 .2 .3 .4 .5 



Kach number i M 

Figure 8.- Theoretical variation .of critical-pressure coefficient 
wj,th Mach number. 




' 72 76 80 84 88 92 96 100 

Station, percent chord fa) Effect of balance nose radii. 

Fiqure 9. — Pressure distribution of 0.20c aileron haying o blunt-nose balance 
of a35c a on the AIACA Z30/2 airfoil. M = 0.36. 
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F/exib/e sect/ 
0.0 Zc bo/once nose rodii 



Fig. 9b 

0. 0055c gap 
Open 
Sealed 




1Z 16 60 84 88 QL 96 100 
Station y percent chord 

fb) Effect of sec?/. 

Figure 9. — Conc/uded. 
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Fig. 10 
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63 72 76 80 84 88 92 96 100 
Station j percent chord 
F Lgure 10. — Pressure distribution of 020c aileron having a sealed internal balance of 060 c Q 
on the NAOA 66,2-2/6 airfoil, showing the effect of vent gap. M =0.36 . 
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Figure //. — Pressure distribution of 0.20c oderon having a Frise type balance 
of 0.35 c Q on the NACA 23012 oirfoiL M = 0.36. 
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Figure II. — Concluded . 
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